Gamma-glutamyl transferase (GGT) is an enzyme present in serum and on most cell surfaces and serves as an oxidative stress marker. Although serum GGT is associated with hypertension development, little data are available on the associations between GGT and hypertension among populations with diabetes mellitus (DM). Our aim was to investigate the potential association between the changes in systolic or diastolic blood pressure (SBP/ DBP) and the GGT level in type 2 DM subjects, in comparison with non-DM subjects. In 179 non-DM and 177 DM subjects, SBP/DBP, body mass index (BMI), fasting plasma glucose, serum asparate aminotransferase, alanine aminotransferase and GGT were measured at the baseline and after a 1-year period. Between these 2-measurement points, in non-DM subjects, SBP and DBP levels were significantly increased, while GGT tended to increase. In contrast, in DM subjects, the mean levels of SBP, DBP and GGT remained unchanged. Multivariate analysis revealed that in non-DM subjects the degree of increase in SBP was significantly and positively correlated to that of GGT (β = 0.165), along with age and BMI. Likewise, the increase in DBP was correlated to that of GGT in non-DM subjects (β = 0.170). In contrast, in DM subjects, the degree of increase in SBP was significantly correlated to that of only GGT (β = 0.166). These results suggest that the presence of DM may attenuate the effects of GGT on DBP. liver enzyme; gammaglutamyl transferase; body mass index; weight change.
recruited from a general population for health check-ups. Type 2 DM was diagnosed through repeated doctor's checks for subjects with plasma glucose (PG) of 7 mmol/l (World Health Organization criteria) in blood examinations both at the baseline and after a 1-year study period. Non-DM subjects showed persistent normal PG levels in similar examinations, and were apparently of normal health.
All subjects had had no medical history of cardiovascular, thyroid, renal or malignant disorders. They were negative for both hepatitis B surface antigen and hepatitis C virus antibody, had serum levels less than 2-folds the upper limit of the reference range of each hepatic enzyme, did not take any continuous medication, and had not had an alcohol intake and smoking habits. They were untreated during the study period. For each subject, seated SBP/DBP was measured 3-times with an automatic electronic sphygmomanometer (BP-103i II; Nippon Colin, Komaki) and the 3 measurements were averaged. At the baseline, in addition to SBP/DBP and body mass index (BMI), fasting PG, serum asparate aminotransferase (AST), alanine aminotransferase (ALT) and GGT were measured. After the 1-year period, the same variables were reexamined. PG was assayed with an automatic analyzer (JCA-BM2250, JEOL Co. Ltd., Tokyo), and AST, ALT and GGT were also assayed with an automatic analyzer (TBA-200FR, Toshiba, Tokyo). These intraassay-coefficients of variation were 0.8% in PG, 0.5% in AST, 0.5% in ALT and 0.6% in GGT, respectively.
All values were expressed as mean ± S.D. (regarding AST, ALT and GGT, geometric mean). Level differences between the data at the baseline and after a 1-year period were analyzed by paired t-test. A multiple regression analysis on level differences of SBP/DBP was used to analyze the correlation to those of GGT after adjusting for measured confounders (age, gender, BMI, AST and ALT). Because of their skewed distributions, AST, ALT and GGT were log-transformed and included in the analysis model. We used SBP/DBP as continuous variables and gender simply as an explanatory variable, since no threshold effects of GGT on BP levels and no clear gender-differences in the association between GGT and BP have been confirmed (Shankar and Li 2007) . A level of p < 0.05 was considered significant.
RESULTS
The data at baseline (pre-study period) and after 1 year (post-study period) on each measured tive oxygen species, its indirect role to maintain intracellular antioxidant glutathione (in a response to OS, increased transport of glutathione into cells by increased GGT activity), its relation to chronic inflammation, or its relation to the pathophysiology of insulin resistance (Lee et al. 2003; Shankar and Li 2007) .
OS is involved in the pathophysiology of various diseases such as cardiovascular and/or metabolic regulation (Lee et al. 2004 ). In fact, increased serum GGT levels are implicated in an increased blood pressure (BP) and the progression of hypertension (HT) (Nilssen et al. 1990; Ikai et al. 1994; Lee et al. 2002 Lee et al. , 2003 Stranges et al. 2005; Shankar and Li 2007) . However, little data have been available on the associations between GGT and HT among populations with diabetes mellitus (DM) specifically, still more data regarding GGT change levels (over a period of at least 1 year to see a chronic influence) are needed. DM and HT are interrelated diseases predisposing to atherosclerotic cardiovascular disease: OS-related mechanisms can be hypothesized in this interrelationship (Lee et al. 2003) . Accordingly, the association between GGT and BP levels among DM populations may have some specific characteristics, but there are not any data with a comparison to non-DM populations.
With these backgrounds in mind, we conducted a 1-year observational study to investigate the following outcome-of-interest: whether systolic/diastolic BP (SBP/DBP) level differences could be potentially associated with those of GGT in addition to other hepatic enzymes in type 2 DM subjects, and whether the association between BP and GGT was different between type 2 DM and non-DM subjects.
SUBJECTS AND METHODS
In total, 356 asymptomatic Japanese subjects were studied during a 1-year study period between 2006 and 2007: there were 179 non-DM subjects (79 males and 100 females; mean age: 48.7 ± 6.2 [range: 36-64] years) and 177 type 2 DM subjects (78 males and 99 females; mean: 50.5 ± 6.5 years). This study was approved by the Tottori University Ethics Committee and each subject gave informed consent. These subjects were variable in the non-DM and type 2 DM group were respectively listed in Table 1 . During a 1-year period, in non-DM subjects, SBP and DBP levels were significantly increased, while GGT slightly increased. In contrast, in type 2 DM subjects, the mean levels of SBP, DBP and GGT remained unchanged.
In non-DM subjects, the degree of increase in SBP was significantly, independently and positively correlated to that of GGT, along with age and BMI (Table 2) . Similarly, DBP were significantly, independently and positively correlated to GGT. On the other hand, in type 2 DM subjects, the degree of increase in SBP was significantly, independently and positively correlated to that of only GGT. Although a correlated tendency to GGT was observed, DBP did not show any relative significance. 20.4 ± 1.6 21.1 ± 1.5 1.0 ± 1.5 (11 -57) (10 -58) (−42 -+47) GGT (U/l) 31.4 ± 1.5 30.0 ± 1.6 −1.0 ± 1.6 (12 -62) (10 -67) (−43 -+41)
Data are shown as mean ± S.D. and ranges are in parentheses. DM, diabetes mellitus; AST, aspirate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase.
Level differences between pre-and post-study data were analyzed by paired t-test. Significance levels: * p < 0.05, ** p < 0.01.
DISCUSSION
Our study during a 1-year period found a significant and positive association between GGT and SBP level differences, but DBP, in a population of type 2 DM, independent of age, gender, BMI and other hepatic enzymes. This finding extends to type 2 DM in that GGT may be a predictive biochemical marker at least for SBP changes. Notably, the impact of measured variables on SBP/DBP might be different between type 2 DM and non-DM: while in non-DM, the effects of age and BMI on SBP and the associations of GGT with both SBP and DBP are in lines with prior reports (Nilssen et al. 1990; Ikai et al. 1994; Lee et al. 2002 Lee et al. , 2003 Whelton et al. 2002; Stranges et al. 2005; Shankar and Li 2007) , lack of age-or BMI-related effects and attenuation on the association of GGT with DBP, observed in type 2 DM, may be reflective of some specific pathophysiology of type 2 DM. Because DM is usually found together with OS (Ceriello 2006) , the presence of OS may modify GGT functions unlike those in non-DM subjects. Furthermore, for example, premature aging or weight reduction, which is linked with OS, is known during the progression of DM (Preuss 1997; Wakabayashi and Masuda 2004) , and this may partly explain our results on type 2 DM.
In summary, our study showed a positive association between GGT and SBP level differences in type 2 DM, similar to non-DM. However, the impact of GGT on measured variables including DBP among type 2 DM subjects can be different from that of non-DM subjects, suggesting that the presence of DM may attenuate the effects of GGT on increases in DBP. These results call for further study. † AST, ALT and GGT were analyzed after log-transformation because of their skewed distributions. Significance level: * p < 0.05.
